Examination of modes of surface failure of single crystals damaged as a result of a frictional process has been of growing interset in the past two decades. The early work of King and Tabor' demonstrated that brittle materials (NaCl) could exhibit plastic deformation in the region of surface contact between the material and slider. Since then a number of investigators have observed similar behavior for a variety of nonmetallic single crystals.24 Plastic behavior for a single crystal of NaCl also has been observed under conditions of abrasion. 5 Wright,6 who used abrasive technique of Dobson and Wilman, 5 has suggested that human dental tissue might exhibit a ductile behavior for indentations of the order of 0.5 micrometers (htm).
It was the purpose of this study to classify the modes of surface failure observed for natural fluorapatite single crystals under sliding and to relate these modes to observations of wear and frictional behavior reported in parts one and two of this investigation. 7, 8 Materials and Methods Diamond sliders of known geometry were slid across the basal surfaces of natural fluorapatite single crystals in a dry environment. Observations of modes of surface failure were made based on a series of three, one-traversal passes on each of two crystals for a given condition. The effect of crystallographic direction on failure modes was not evaluated in this initial study.
Fluorapatite single crystals* were given a polishing and surface treatment procedure as described in part one of this investigations The apparatus used for scratching the surface of a specimen has been described in detail earlier. 7'8 The wear scars, as observed from photographs used to measure the track width,7 were classified on a one to five ordinal scale, which is illustrated in Figure 1 . This scale was developed in an attempt to discriminate among three major types of failure modes: a ductile mode characterized by smooth grooves (class 1), a cleavage mode characterized by tensile cracks (class 3), and a chipping mode characterized by extensive chevron formation (crystallographically nonspecific fracture; class 5). Classes 2 and 4 represented modes of failure somewhere in between the modes described. This scale was meant to characterize surface failure only and did not attempt to account for visible subsurface deformation or fracture.
The factorial design used in previous studies7'8 was followed in this investigation.
The factors examined in this design are showing much evidence of ductility. In all instances the tensile cracks or chevrons formed pointed toward the origin of their formation (ie, opposite to the direction of relative motion of the slider).
The raw data for the experimental design are presented in Table 2 . Attempts to evaluate these data by means of nonparametric statistics were unsuccessful because of the complexity of the factorial design. In spite of this shortcoming, it was thought that there were observable trends. The effect of specimen (C) on failure classification was examined at two levels with five loads and five slider designs with three replications per cell. It was deduced that there was probably no significant difference between the effects at two levels of specimen. Thus, the data for each level of specimen were combined to yield six replications per cell for subsequent analysis of the other factors. The effect of speed on failure classification was examined at two levels (0.025 and 0.076 cm/second) for five slider designs at a load of 500 gm. Table 2 Table 2 , it was deduced that there were probably significant differences among the effects at the five levels of design. At the lower loads (Al1 through A4), the designs could be pseudoranked in terms of increasing classification as follows: B2, B,, Ba, B4, B:,. There probably was little difference between designs B1 and B2 or B4 and B5 at these loads. At the 500 gm load, the behavior of designs B3 through B5 was similar (class 5). Designs B, and B.) were ranked lower (class 4 and class 2, respectively) than designs B., through B5.
Discussion
The discrepancies in classification noted on examination of the raw data presented in Table 2 In this instance the differences could not be detected in the wear data.7 These seemingly ambiguous results probably are a result of the different levels of sensitivity inherent in the measurement and analysis of the two types of wear data. In spite of this, the trends observed in both instances were consistent, in that higher values of surface damage were observed at the lower strain rate. The influence of strain rate on crack propagation7'8 is substantiated further.
The effects of load and slider design on failure classification were consistent with observations reported by Bowden and Brookes for MgO.4 They reported little surface damage over a range of loads between 10 and 350 gm with the apical angle of the cone larger than 1200. Below a critical load, the surface damage with sharper J Dent Res March-April 1972 angles was light; however, above the critical load the surface damage increased. In the present study, the surface behavior with large radii sliders (B1 and B2) and with small radii sliders (B3 through B5) at lower loads was essentially ductile with some evidence of tensile cracking at higher loads for designs B1 and B2. At the higher loads for designs B3 through B5, surface behavior exhibited predominantly tensile cracking and chevron formation. Above the critical load (or track width), the slider designs with sharper apical angles caused considerably more damage than did those designs with larger angles. These observations suggest that it is the interrelationship between load and slider design that influences the mode of surface failure.
Failure classification as a function of track depth7 was evaluated from data as represented in Figure 7 for 
